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Description 

[ACTIVE MATRIX OLED DRIVING 
CONTROL CIRCUIT CAPABLE OF 
DYNAMICALLY ADJUSTING WHITE 
BALANCE AND ADJUSTING METHOD 

THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93104198, filed February 20, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to an active matrix organic 
light-emitting diode (AMOLED) driving control circuit and 
a driving method. More particularly, the present invention 
relates to an AMOLED driving control circuit capable of 
dynamically adjusting white balance and adjusting method 
thereof. 



[0004] Description of the Related Art 

[0005] vvith the rapid improvement in semiconductor fabrication 
technologies, various types of information processing de- 
vices such as personal computers, mobile phones, per- 
sonal digital assistants and digital cameras have been de- 
veloped. One of the most prominent components in an in- 
formation device is the display device. Because a flat panel 
display is light and slim and consumes very little power, it 
has gradually become one of the most popular display 
products. 

[0006] Active matrix organic light emitting diode (AMOLED) dis- 
play is a particular type of flat panel display that has many 
advantages including a wide viewing angle, a good color 
contrast, a rapid response and a low production cost. At 
present, many devices requiring a small display such as 
electronic clocks, mobile phones, personal digital assis- 
tants and digital cameras uses AMOLED displays. 

[0007] However, because materials inside the organic light emit- 
ting diodes for generating red (R), green (G) and blue (B) 
light are different, brightness level of each color may 
change with prolonged usage. Ultimately, the white bal- 
ance of the OLED display panel may deteriorate. Fig. 1 
shows the curves of brightness level versus lifetime of the 



three types of high molecular weight light emitting mate- 
rials for producing red, green and blue light. In Fig. 1, the 
lighter color curves illustrates the degree of attenuation of 
the brightness level with time for the red, green and blue 
high molecular weight light emitting materials. Clearly, 
the degree of attenuation with time of the three high 
molecular weight light emitting materials is non-identical. 
Hence, the brightness level of each color may change after 
some time leading to a deterioration of the white balance 

in the display panel. 
Summary of Invention 

[0008] Accordingly, at least one objective of the present inven- 
tion is to provide an active matrix organic light emitting 
diode (AMOLED) driving control circuit capable of dynami- 
cally adjusting the white balance of a AMOLED display 
panel according to its usage status and the adjusting 
method thereof. 

[0009] Jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a 
AMOLED driving control circuit capable of driving an 
AMOLED display panel and dynamically adjusting the 
white balance of the AMOLED display panel. The AMOLED 



driving control circuit comprises a gate driving circuit, a 
source driving circuit, a programmable voltage generator 
and a timing control circuit. The gate driving circuit gen- 
erates a horizontal scan signal for controlling the scan 
line display of the AMOLED display panel. The source 
driving circuit integrates with the horizontal scan signal 
and sends the video data of the display scan line to the 
AMOLED display panel. The programmable voltage gener 
ator generates a plurality of programmable voltage 
sources serving as the power sources for red, green and 
blue pixels inside the AMOLED display panel. The timing 
control circuit is coupled to the gate driving circuit, the 
source driving circuit and the programmable voltage gen 
erator for controlling the timing of video data between th 
gate driving circuit and the source driving circuit. Accord- 
ing to the usage status of the AMOLED display panel, the 
timing control circuit dynamically adjusts the voltage 
value of the programmable voltage source so that the 
white balance of the AMOLED display panel is also ad- 
Justed. 

0] In one embodiment of the present invention, the timing 
control circuit further comprises a source and gate timinc 
data control circuit, an interface processing circuit and a 



white balance adjusting circuit. Tlie source and gate tim- 
ing data control circuit controls the timing of video data 
between the gate driving circuit and the source driving 
circuit. The interface processing circuit serves as a signal 
transmission interface. The white balance adjusting circuit 
is coupled to the source and gate timing data control cir- 
cuit and the interface processing circuit. The white bal- 
ance adjusting circuit sets the adjustable parameters for 
changing the voltage value of the programmable voltage 
source according to the usage status of the AMOLED dis- 
play panel and transmits the parameters to the pro- 
grammable voltage generator via the interface processing 
circuit. 

1] In one embodiment of the present invention, the usage 
status of the AMOLED display panel or the degree of ma- 
terial degradation is assessed according to whether the 
displayed gray level in the video data within a set period 
exceeds a preset value such as 255 or not. According to 
the results of the assessment, the values of the adjustable 
parameters for setting the voltage value of the pro- 
grammable voltage source are determined. Thus, the 
white balance adjusting circuit at least comprises a first 
comparator, a counter, a second comparator, an AND 



logic unit and a parameter setting unit. 
[0012] The first comparator compares tlie video data with the 
preset data value to produce a first compare signal. The 
first compare signal is transmitted when the displayed 
gray level of the input video data is not less than the pre- 
set data value. The counter for holding a count value is 
coupled to the first comparator so that the count value is 
increased by one on receiving a first compare signal, for 
example. The second comparator is coupled to the 
counter for comparing the count value registered by the 
counter with a preset count value to produce a second 
compare signal. The second compare signal is transmitted 
when the number of times the displayed gray level of the 
video data is not less than the preset data value reaches 
the set count value. The AND logic unit is coupled to the 
second comparator for generating an adjusting signal ac- 
cording to the second compare signal after the passage of 
a designated period. The parameter setting unit is cou- 
pled the AND logic unit to set the adjustable parameters 
for changing the voltage value of the programmable volt- 
age source according to the adjusting signal and transmit 
the parametric values to the programmable voltage source 
via the interface processing circuit. 



[0013] jhe aforementioned preset data value, preset count value 
and preset time period can be stored inside a read only 
memory, an electrically erasable programmable read only 
memory or a flash memory. The aforementioned interface 
processing circuit can be a serial transmission interface 
such as lie. 

[0014] The present invention also provides a method of dynami- 
cally adjusting the white balance of an active matrix or- 
ganic light emitting diode (AMOLED) display panel using 
an AMOLED driving control circuit. The method includes 
the following steps. First, a plurality of programmable 
voltage sources is provided to serve as power sources for 
driving red, green and blue pixels within the AlVIOLED dis- 
play panel. Thereafter, according to the usage status of 
the AMOLED display panel, the voltage value of various 
programmable voltage sources is dynamically adjusted. 

[0015] The method of adjusting the voltage value of the pro- 
grammable voltage source according to the usage status 
of the AMOLED display panel includes receiving a video 
data and comparing the video data with a preset data 
value. When the video data is not less than the preset data 
value, or in other words, the displayed gray levels of the 
video data is not less than the preset data value of say 



255, the value inside tlie counter increases by one. Tliere- 
after, tlie value registered by the counter is compared with 
a preset counter value. When a preset time period is 
passed and the value inside the counter is not less than 
the preset count value, this means that the degree of 
degradation of the material inside the display panel has 
already exceeded an acceptable level. Therefore, the volt- 
age value of the programmable voltage sources is ad- 
justed to obtain a better white balance in the AMOLED 
display panel. 

[0016] Accordingly, the AMOLED driving control circuit and ad- 
Justing method of the present invention is able to adjust 
the white balance of an AMOLED display panel dynamically 
in accordance with the degree of degradation of the light 
emitting material inside the panel. Consequently, the 
AMOLED display panel can have a better long term white 
balance. 

[0017] It is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0018] jhe accompanying drawings are included to provide a 



further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 
[0019] Fig. 1 (a), (b) and (c) show the curves of brightness level 
versus lifetime of three types of high molecular weight 
light emitting materials for producing red, green and blue 
light. 

[0020] Fig. 2 is an equivalent diagram showing a pixel circuit of 
an active matrix organic light emitting diode. 

[0021] Fig. 3 is a graph showing the characteristic curve of a 
transistor inside the circuit in Fig. 2. 

[0022] Fig. 4 is a circuit diagram of an AMOLED driving control 
circuit for providing a dynamic adjustment of the white 
balance of an AMOLED display panel according to one 
embodiment of the present invention. 

[0023] Fig. 5 is a block diagram of the timing control circuit ac- 
cording to one embodiment of the present invention. 

[0024] Fig. 6 shows a display panel having a 1024*768 resolution 
partitioned into 16 regions. 

[0025] Fig. 7 is a circuit diagram of the white balance adjusting 
circuit according to one embodiment of the present in- 



vention. 

[0026] Fig. 8 is a flow diagram sliowing tlie steps for dynamically 

adjusting the white balance of an AMOLED display panel 

using an AMOLED driving control circuit according to one 

embodiment of the present invention. 
Detailed Description 

[0027] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0028] Fig. 2 is an equivalent diagram showing a pixel circuit of 
an active matrix organic light emitting diode in an 
AMOLED display panel. As shown in Fig. 2, an active ma- 
trix organic light emitting diode (AMOLED) pixel includes 
a first transistor 210, a second transistor 220, a capacitor 
230 and an organic light emitting diode 240. A gate ter- 
minal of the first transistor 210 is connected to a scan line 
and a drain terminal of the first transistor 210 is con- 
nected to a data line. A source terminal of the first tran- 
sistor 210 is connected to one terminal of a capacitor 230 
as well as a gate terminal of a second transistor 220. A 



drain terminal of tlie second transistor 220 is connected 
to a voltage source Vdd and a source terminal of the sec- 
ond transistor 220 is connected to an anode of the or- 
ganic light emitting diode 240. 

[0029] When a horizontal scan signal applied to the pixel through 
the scan line, the transistor 210 is turned on so that a 
voltage Vg on the data line is applied to the gate terminal 
of the second transistor 220. In general, a brightness level 
of the organic light emitting diode 240 is proportional to 
current Id passing through the organic light emitting 
diode 240. Hence, a displayed gray level of the organic 
light emitting diode 240 can be controlled by a voltage 
value representing video data on the data line. 

[0030] When the AMOLED display panel has been used for a long 
time (refer to Fig. 1), the brightness level of red, green 
and blue light may change due to the different degree of 
degradation of the high molecular weight light emitting 
materials for producing red, green and blue light. A non- 
uniformity of brightness level of the three primary colors 
often leads to problems in white balance. In the present 
invention, the voltage of the power source Vdd in Fig. 2 
can be reset to adjust the size of current Id flowing 
through the organic light emitting diode 240 so that the 



actual luminosity of the organic light emitting diode 240 
can be changed. The effect of adjusting the supply voltage 
can be observed from a characteristic current versus volt- 
age curve of the transistor in Fig. 3. 
[0031] Fig. 4 is a circuit diagram of an AMOLED driving control 
circuit for providing a dynamic adjustment of the white 
balance of an AMOLED display panel according to one 
embodiment of the present invention. As shown in Fig. 4, 
the AMOLED driving control circuit includes a gate driving 
circuit 410, a source driving circuit 420, a programmable 
voltage generator 430 and a timing control circuit 440. 
The AMOLED driving control circuit drives arrays of red 
(R), green (G) and blue (B) pixels inside an AMOLED dis- 
play panel 450. 

[0032] The gate driving circuit 410 generates a horizontal scan 
signal for controlling the scan line in the AMOLED display 
panel 450. The source driving circuit 420 provides a 
source signal according to video data intent to be dis- 
played transmits to the pixels corresponding to the hori- 
zontal scan line within the AMOLED display panel 450. 
The programmable voltage generator 430 generates a 
plurality of programmable voltage sources such as Vdd_r 
and Vss_r, Vdd_g and Vss_g and Vdd_b and Vss_b, which 



sources serve as the power sources for the red (R), green 
(G) and blue (B) pixels within the AMOLED display panel 
450. The timing control circuit 440 is coupled to the gate 
driving circuit 410, the source driving circuit 420 and the 
programmable voltage generator 430 for controlling the 
timing of the submission of video data between the gate 
driving circuit 410 and the source driving circuit 420. Ac- 
cording to the usage status of the AMOLED display panel 
450 such as the display time and the number of pixels 
having a gray level larger than a fixed value, the voltages 
at the programmable voltage sources Vdd_r and Vss_r, 
Vdd_g and Vss_g and Vdd_b and Vss_b are dynamically 
adjusted so that an ideal white balance is always main- 
tained in the AMOLED display panel 450. 
[0033] Fig. 5 is a block diagram of the timing control circuit ac- 
cording to one embodiment of the present invention. As 
shown in Fig. 5, the timing control circuit 440 includes a 
source and gate timing data control circuit 510, an inter- 
face processing circuit 530 and a white balance adjusting 
circuit 520. The source and gate timing data control cir- 
cuit 510 controls the timing of the submission of video 
data between the gate driving circuit 410 and the source 
driving circuit 420. The interface processing circuit 530 



provides a serial transmission interface such as IIC tliat 
serves as an interface for signal transmission. The white 
balance adjusting circuit 520, coupled to the source and 
gate timing data control circuit 510 and the interface pro- 
cessing circuit 530, is used to adjust the parameters for 
setting the voltage values of the programmable voltage 
sources according to the usage status of the AMOLED dis- 
play panel such as the display time and the number of 
pixels having a displayed gray level greater than a fixed 
value. Thereafter, the white balance adjusting circuit 520 
transmits the parameters for changing the voltage values 
to the programmable voltage generator 430 through the 
interface processing circuit 530. 
[0034] Fig. 6 shows a display panel having a 1024*768 resolution 
partitioned into 16 regions. According to the circuits in 
Figs, 4 and 5 and the AMOLED driving control circuit of 
the present invention, the voltages at the programmable 
voltage sources is adjusted based on, for example, the 
display time and the number of pixels having a displayed 
gray level higher than a fixed value. To gauge the driving 
status or the degree of degradation of light emitting ma- 
terials of the AMOLED display panel more accurately, the 
white balance adjusting circuit 520 can set the voltage 



values of the programmable voltage sources precisely, 
and the AMOLED display panel is partitioned into 16 re- 
gions. Each region performs a counting of the number of 
active matrix organic light emitting diodes subjected to a 
displayed gray level higher than a fixed value within a 
designated period. The data thus gathered serves as a 
base for assessing the degree of degradation in the light 
emitting material. Clearly, anyone familiar in this field may 
notice that the AMOLED display panel can be divided into 
whatever number of counting regions that are desirable. 

[0035] Fig. 7 is a circuit diagram of the white balance adjusting 
circuit according to one embodiment of the present in- 
vention. As shown in Fig. 7, the white balance adjusting 
circuit at least includes a first comparator 710, a counter 
720, a second comparator 730, an AND logic unit 740 and 
a parameter setting unit 750. Obviously, the first com- 
parator 710, the counter 720, the second comparator 
730, the AND logic unit 740 are used for assessing the 
preset time period and preset count value status within 
one AMOLED display panel region. To detect the status in 
more regions, the number of comparators and counters 
must be increased accordingly. 

[0036] In Fig. 7, the first comparator 710 is used to compare the 



video data to be displayed with a preset data value such 
as 255 and generate a first compare signal CI. The first 
compare signal CI is produced when the displayed gray 
level of the input video data is not less than the preset 
data value signal. Here, if a preset data value having a 
gray level of 255 is used as a reference, all the 8-bit dis- 
played video data having the largest degree of material 
degradation can be detected. 
[0037] In addition, the counter 720 is coupled to the first com- 
parator 710 for updating the count value inside the 
counter 720 when a first compare signal CI arrives. For 
example, on receiving a compare signal CI from the first 
comparator 710, the count value inside the counter 720 is 
increased by one. The second comparator 730 is coupled 
to the counter 720 for comparing the count value inside 
the counter 720 with a preset count value and generating 
a second compare signal C2. In other words, the second 
comparator 730 checks to determine if the number of dis- 
played video data having a gray level not less than the 
preset data value exceeds the preset count value. The 
AND logic unit 740 is coupled to the second comparator 
730 for generating an adjusting signal ADJ according to 
the second compare signal C2 after a preset period has 



passed. The parameter setting unit 750 is coupled to tlie 
AND logic unit 740 for adjusting the parameters for set- 
ting the voltage values of the programmable voltage 
sources according to the adjusting signal ADJ and then 
sending the parameters to the programmable voltage 
generator 430 via the interface processing circuit 530. 

[0038] In the present embodiment, the preset data value, the 
preset count value and the preset time period can be 
stored inside a read only memory (ROM), an electrically 
erasable programmable read only memory (EEPROM) or a 
flash memory, for example. Moreover, all these values are 
read out from the memory to serve as compare data each 
time the AMOLED display panel is activated. 

[0039] Fig. 8 is a flow diagram showing the steps for dynamically 
adjusting the white balance of an AMOLED display panel 
using an AMOLED driving control circuit according to one 
embodiment of the present invention. The present 
method is capable of dynamically adjusting the white bal- 
ance of an AMOLED display panel. First, a plurality of pro- 
grammable voltage sources is provided to serve as the 
power sources for red, green and blue pixels inside the 
AMOLED display panel. Thereafter, according to the usage 
status of the AMOLED display panel, the voltage values of 



various programmable voltage sources are dynamically 
adjusted. The aforementioned AMOLED display panel is 
partitioned into 16 regions. Since the steps carried out to 
adjust the pixels in each region are identical, Fig. 8 illus- 
trates the steps for adjusting the pixels within a first re- 
gion only. 

[0040] In step 810, a video data is fetched from an external 

source. In step 820, the video data is checked to deter- 
mine which region within the AMOLED display panel it be- 
longs. Thereafter, the flow is branched to whichever re- 
gion the video data is found to belong. For example, if the 
video data is determined to belong to the first region of 
the AMOLED display panel, step 830 is executed so that 
the video data is compared with a preset data value with a 
gray level 255. When the video data is not less than the 
preset data value, step 840 is executed to increase a 
count value. In step 850, the count value is compared with 
a preset count value to determine whether the count value 
is smaller than the preset count value or not when a pre- 
set time limit has passed. If the count value is found to be 
not less than the preset count value after the passage of 
the preset time limit, the deterioration of the light emit- 
ting material inside the AMOLED display panel is consid- 



ered to be beyond an acceptable level. In this case, step 
860 is executed to adjust the voltage values of various 
programmable voltage sources and provide the AMOLED 
display panel with a better white balance. Obviously, the 
preset time limit and the preset count value serving as 
reference values can be changed according to the actual 
requirements. In addition, a set of preset time limits and 
preset count values may also be used. 
[0041] It vvill be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



